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Abstract
Plasma sprayed chromium carbide coating has poor adhesion strength and wear-resistance, sparking plasma sintering(SPS)
process can change the coating microstructure and improve its performance. The microstructure and phase of plasma sprayed
Cr3C2-NiCr coating before and after the sparking plasma sintering were studied in this paper. The results show that the
microstructure of plasma sprayed Cr3C2-NiCr coating after SPS become more compact and most of the pores and micro-cracks
disappear. Some new oxides appear after SPS process. Hard Chromium carbides and oxides phase distribute in the NiCr-based
solid solution to improve the wear resistance of the coating. Obvious crack at the interface has disappeared. The coating and the
substrate form a good metallurgical bond.
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1. Introduction
Cr3C2-25%NiCr is one of the most widely used metal / ceramic composite material. Because of excellent anti-
high-temperature oxidation at 950 , anti-high-temperature air or particles erosive wear and hard surface wear
performance (Matthews et al., 2003), Cr3C2-25%NiCr coatings are widely used in the continuous casting and rolling
roll surface high temperature wear-resistant coatings, aviation turbine engine turbine blades high temperature erosive
wear-resistant coatings, thermal power generation factory coal-fired boiler anti-high-temperature gas erosive wear
coatings (Wang Jun et al., 2000). There are many methods to make chromium carbide coatings, including the
detonation spraying, plasma spraying, HVOF spraying (Li Zhen-duo et al., 2006; Long Yan-hui, 2002; Li Shu-qing
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et al., 2011). But the coatings prepared by these methods all have low adhesion strength and short life, which cannot
meet the demand for long service life of the workpiece.
Sparking plasma sintering (SPS) is a new sintering method, which can achieve rapid sintering at low temperature
by applying a DC pulse discharge, pressure and other measures (Zhang Jiu-xing et al., 2002). By sparking plasma
sintering process can change the microstructure of the plasma sprayed coating and improve its performance. The
influence of sparking plasma sintering process on the microstructure and phase of chromium carbide coating was
studied in this paper, in order to provide a reliable basis for the practical application.
2. Experimental Procedure
The matrix material was GH4169. The coating material used to spray was a composite powder of the sintered
type Cr3C2-25NiCr, which chemical composition was shown in Table 1. The powder particle size varied from -45 to
+50m. The coating was prepared by using the APS2000 plasma spraying equipment and Japanese SPS equipment.
Table 1. The chemical composition of the sprayed powder
Material Main chemical composition (wt%) Apparent density
of powders (g/cm3)
Granularity
(m)Ni C Cr
Cr3C2-25NiCr 22.0 9.5 Bal. 2.57 -45/+10
The coated specimens were cut into 20mm × 10mm × 5mm pieces by EDM wire cutting. After polishing and
etching treatment, the microstructure of the coating cross section was analyzed by PME32323UN metallurgical
microscope and S4800 scanning electron microscope. The Chemical composition was analyzed by EDS in the
scanning electron microscope. Philip APD-10 X-ray diffraction analyzer was used to phase analysis.
3. Experimental Results and Analysis
3.1. Coating microstructure analysis
As shown in figure 1, the microstructure of the coating, observed by the scanning electron micrograph, is a
typical lamellar structure, which is loose with an uneven surface. The interior coating body is composed of
numerous flat particles, with a large quantity of little pores and micro-cracks. There is an obvious interface and
cracks between the coating and the substrate, which shows a mechanical occlusion exists between the coating and
the substrate with low adhesion strength.
Fig. 1. (a) whole morphology of the plasma sprayed Cr3C2-NiCr coating; (b) morphology of the interface
Figure 2 shows the coating microstructure after the sparking plasma sintering treatment. It can be seen that the
coating microstructure becomes more compact with less pores after sparking plasma sintering. It is more obvious
that crack disappeared whether it is within the coating or at the interface between the coating and the substrate,
which provided a good guarantee to the wear-resistance of the coating.
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Fig. 2. (a) whole morphology of the plasma sprayed Cr3C2-NiCr coating after SPS; (b) morphology of the interface
Figure 3 is the high magnification morphology of the coating interior structure after SPS and the result of EDS. It
can be seen that the coating internal microstructure is characterized by a continuous matrix (binder phase) on the
distribution of the different shapes of carbide phase. After sparking plasma sintering process, the bonding between
layers becomes dense, and micro-cracks are significantly reduced, which is a huge benefit for improving the wear-
resistance and service life of the coating. The dark gray phase was carbide (red cross shown), and the light gray
phase was binder phase (red five-pointed star shown).
Fig. 3. (a) interior morphology of the coating after SPS; (b) EDS of red cross zone; (c) EDS of red five-pointed star zone
Figure 4 is the line scan profile of the interface after SPS. It can be seen that the coating and the substrate are not
simple combined via mechanical occlusion. There are obvious transition zone of four elements at the interface,
which shows a metallurgical diffusion bonding existed between the coating and the substrate. The adhesion strength
of the coating and the substrate is improved.
Fig. 4. the line scan profile of the interface after SPS
3.2. XRD analysis of the coating
Phase analysis of the coating is shown in Figure 5. After the sparking plasma sintering, the main phases of the
coating are Cr3C2, Cr7C3, Cr2O3, NiCr, Ni (CrO4), CrC and other phase. It can be inferred that Cr3C2 decomposed
during thermal spraying, forming carbides of Cr element. There were some new oxides of Cr and Ni existing in the
coating after SPS. NiCr phase works as the matrix phase and as a continuous phase in the coating, which is
beneficial to improving the toughness of the coating. These carbides and oxides of Cr and Ni are hard phase, having
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a high hardness and a strong wear-resistance, These hard phases distribute uniformly, disperse in the coating and
have a high bonding strength with the matrix, which can heighten the coating’s resistance to wear.
Fig. 5. the XRD result of the plasma sprayed coating after SPS
4. Conclusions
(1) The microstructure of plasma sprayed coating after sparking plasma sintering becomes more dense, most of
the pores and micro-cracks disappear. There were some new oxides of Cr and Ni appearing in the coating after SPS.
Hard carbides and oxides of Cr and Ni distribute uniformly in the coating and have a high bonding strength with the
matrix, which can heighten the coating’s resistance to wear.
(2) The cracks between the coating and the substrate have disappeared after sparking plasma sintering. There is
an obvious diffusion layer at the interface between the coating and the substrate, which shows that the coating and
the substrate forms a good metallurgical bond after SPS treatment.
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